. Characterisation of bean genotypes, particularly local landraces is important for ongoing breeding programs, especially for drought tolerance. Susceptibility to drought is emphasized when bean is grown as a stubble crop and sown at the middle of summer. The aim of this study was to compare variability of ten bean genotypes to optimal (25 °C) and higher (30 °C) temperatures in combination with optimal (80%) and reduced (40%) field water capacity (FWC), from the point of growth (root and shoot length and fresh matter accumulation) and thermodynamic parameters of free energy (calculated parameter after drying at 60 °C, 105 °C and 130 °C) during the early seedlings stage. Significant and positive correlation between root length and fresh matter with free energy at symplast and chemically bound water occurred under temperature stress (i.e. 30 °C). Root growth and elongation were affected by drought stress, i.e. under a combination of high temperature (30 °C) and water deficit (40% FWC). Based on higher energy consumption, the ability of shoot to continue a growth in stressful conditions could be possible to achieve, as was confirm through significant and positive correlation between evaluated growth parameters in shoot and free energy of free water.
It could be concluded that most of the examined dry bean accessions expressed someINTRODUCTION Common bean is an important crop, with high nutritional value due to high content of proteins, dietary fibers, vitamins and minerals. In undeveloped countries, it is an important source of proteins (BROUGHTON et al., 2003) , while in developed countries it is respectable as food source with low content of fats and polyunsaturated fatty acids. Bean is considered as national food in many countries worldwide, including Balkan countries, where owing to edaphic and climatic conditions, significant divergence of Phaselus vulgaris L. species was evolved (VASIĆ, 2004) . Characterisation of bean genotypes, particularly local landraces is important for ongoing breeding programs. Being the original biological material created by the process of natural selection and adapted to local growing conditions, landraces present sources of desirable traits for different breeding purposes (e.g. drought tolerance), thus contributing to yield increase (SAVIĆ et al., 2014; MARAS et al., 2015; JEČMENICA et al., 2016) .
Bean crop could be grown over a wide range of habitats, but its production is mainly limited by fluctuations in air temperatures and soil moisture availability present at the different time during a season. Susceptibility to drought is emphasized when it is grown as a stubble crop and sown at the middle of summer. Water deficit induces changes in plant metabolism, altering root to shoot ratio, while on the leaf level, dissipation of excitation energy through photorespiration is one of the important defence mechanisms. Some plant species accumulate reserves, reflected in increased stem biomass and/or root length (CHAVES et al., 2002) . Common bean genotypes have evolved different mechanisms to maintain plant water status. These strategies imply maximization of root water uptake, while shoot optimizes the usage of absorbed water for grain production (BEEBE et al., 2013) . SINGH (2007) reported many bean varieties tolerant to drought developed from combinations with Durango. On the other hand, susceptible genotypes react to drought by shrinkage of cell volume, resulting in aggregation and denaturation of proteins, delaying normal functioning of enzymes involved in photosynthesis. These, together with limited CO2 influx induced by stomatal closure, increases photo-respiratory losses and production of reactive oxygen species (IMPA et al., 2012) , causing oxidative damage by lipid peroxidation, protein degradation and DNA fragmentation (ANJUM et al., 2011) .
Studies with nuclear magnetic resonance ( NMR) spectroscopy revealed different types of water present in hydrated tissue. KRISHNAN et al. (2004) observed three-component water proton system (bound, bulk and free water) in germinating soybean. Bound water plays an important role in dehydration tolerance. RASCIO et al. (2005) found that increased tissue affinity for strongly bound water implied a simultaneous increase in the affinity for weakly bound water (bulk), what is associated with the solute potential plots of differential energies of water sorption. From this point, free energy presents the work necessary to make the sorption sites available, and so the higher the moisture content is, the number of available sites are lower (NKOLO MEZE'E et al., 2008; OLIVEIRA et al., 2010) . The status of free energy defines also trend of cellular metabolism, i.e. if energy is consuming, endergonic reactions are present (indicating biosynthesis significant for proliferation and growth), and if energy is releasing from exergonic reactions, respiration takes over biosynthetic processes. From this point, alterations of free energy could be useful indicator for stress presence, i.e., stress tolerance (SPASOJEVIĆ et al., 2014; DRAGIČEVIĆ, 2015) .
The aim of this study was to compare reaction, i.e. variability of ten bean genotypes to optimal (25°C) and higher (30°C) temperatures in combination with optimal (80%) and reduced (40%) field water capacity, from the point of growth (root and shoot length and fresh matter accumulation) and free energy as a thermodynamic parameter .
MATERIALS AND METHODS
A set of ten bean accessions from Institute of Field and Vegetable Crops Novi Sad (IFVCNS) dry bean working collection was the objective of the present study. Some of the data for the evaluated accessions were given in Table 1 . For the laboratory experiment, slightly calcareous chernozem soil from the local field (without application of any fertilizer or other agrochemicals) was used. For seedlings growth, field water capacity (FWC) was determined thermo-gravimetrically: air dried soil sample was weighed, then water was added up to the saturation, weighted again and dried at 105 °C. After final weighting, FWC was calculated. Soil used (1.5 kg) was added into the plastic boxes with dimensions: 17.5 x 23.5 x 7 cm. For each genotype, ten seeds per box were sown in two rows, with intra-row spacing of 5 cm. Experiment was performed in five replications for each treatment. Plants were grown in germination room under a 12-h of photoperiod, with irradiance of 40 Wm -1 and relative humidity of 70%. For the first seven days in all treatments, seedlings were grown at 25 °C and 80% FWC (optimal conditions). For the last seven days of growing period, treatments applied included the following combinations of temperature and FWC: 25 °C + 80% FWC (T1 treatment -control, i.e. optimal growing condition); 25 °C + 40% FWC (T2 treatment -water deficit stress); 30 °C + 80% FWC (T3 treatment -temperature stress); 30°C + 40% FWC (T4 treatment -drought stress). After that, fourteen-day old seedlings were taken out of the soil and rinsed quickly from the soil particles. Each plant was uprooted carefully and length and fresh matter of both root and shoot were measured. Dry matter was determined after drying the samples at 60°C, 105°C and 130°C (each phase continued for 24 h), in order to calculate the contents of free water (subtraction between fresh and dry weight after drying at 60°C), bulk water (subtraction between weight determined at 60°C and after drying at 105°C) and chemically bound water (subtraction between weight determined at 105°C and after drying at 130°C). The values obtained were used for calculation of thermodynamic parameters by using the sorption isotherm, as suggested by SUN (2002) : ΔG = RTln(aw) where, aw is the relative water content achieved after drying at T (60, 105 and 130°C); R is the gas constant (8.3145 J mol -1 K -1 ); ∆G is differential free energy, which represents the amount of work that the system can perform. Its decrease signifies a domination of exergonic (spontaneous) processes which release free energy, and its increase signifies endergonic (non-spontaneous) processes which consume energy.
All the analyses were performed in five measurements (n = 5) and the obtained data of root to shoot ratio for length and fresh matter were statistically analyzed and presented as mean values. Significant differences between genotypes means were determined by the Fisher's least significant difference (LSD) test at the 0.05 probability level, after the analysis of variance (ANOVA) using three-factorial completely randomized block design. Differences between means values with P values ≤ 0.05 were considered significant. Free energy of all three water types was presented as mean ± standard deviation (SD). Correlation analysis between seedlings growth parameters (i.e. root and shoot length and fresh matter) and thermodynamic parameter of free energy was performed using Pearson's correlation coefficient.
RESULTS AND DISCUSSION
According to the results present in Table 2 , both factors (genotype and temperature), as well as interactions between all the factors (genotype, temperature and FWC), had statistically significant influence on the root to shoot ratio for length in examined bean genotypes. Moreover, single effect of each factor observed (G, T and FWC, P ≤ 0.001, respectively), as well as the effects of each interaction (G x T, G x FWC, G x T x FWC, P ≤ 0.001; T x FWC, P ≤ 0.01, respectively) on root to shoot ratio for fresh matter were highly significant. This means that the seedlings length, as a parameter of growth, is less sensitive to temperature increase and FWC decrease when compared to fresh matter, having a tendency of elongation in stressful conditions (RACHMILEVITCH et al., 2005) . Significantly higher average values of root to shoot ratio for both traits were obtained by Balkan (G1), Zlatko (G2), Medijana (G3) and Belko (G9), respectively. Among the evaluated common bean accessions, the highest average root to shoot ratio for length was recorded in Zlatko (accession G2) at 25 °C and in Medijana (accession G3) at 30 °C, particularly pronounced at 40% FWC. That could refer to root elongation as an adaptive response to water deficit, contributing to improved water stress tolerance (CHAVES et al., 2002; DRAGIČEVIĆ, 2015) . The lowest root to shoot value under both temperatures was observed in Dvadesetica (accession G5), indicating promoted shoot growth. Considering the interactions between all three factors regarding root to shoot ratio for lengths, the highest values were observed in Zlatko (accession G2) at 25°C and 40% FWC (treatment T2 -water deficit stress) and in Sremac (accession G6) at 30°C and 80% FWC (treatment T3 -temperature stress), respectively. In most of the genotypes evaluated, average values of root to shoot ratio for fresh matter were higher at 30°C, being the highest in Zlatko, indicating the existence of tolerance to higher temperature in this accession, as was similar to the results obtained on wheat (BENLLOCH-GONZALEZ et al., 2014) . The interaction G x T x FWC underlined Belko (G9), as the genotype with the highest value (0.500) at 25°C and 40% FWC, as well as Zlatko, as the genotype with the highest value (0.504), at 30°C and 40% FWC. This could indicate that observed genotypes expressed higher root growth rate under diminished water availability (CHAVES et al., 2002) , although at the different temperatures.
Free energy of free water (ΔG 60°C) expressed lower average values for root and shoot (0.23 J mol -1 and 0.24 J mol -1 , respectively) at 80% FWC at both temperatures (Figure 1 ). This is linked with fitted hydration level, since free energy presents the work necessary to make the sorption sites available, and so the higher the moisture content is, the number of available sites are lower (NKOLO MEZE'E et al., 2008; OLIVEIRA et al., 2010) . The highest variability between genotypes was observed under T2 treatment (i.e. 25°C + 40% FWC), related to water deficit, i.e. the ability for maintaining leaf water status (OMAE et al., 2012) . In the noted treatment, Zlatko (accession G2) obtained the highest values of ΔG 60°C in both root and shoot, while Sataja (G4) in root. Also, the highest values of this trait were observed at the root level in genotypes G2 -Zlatko (25°C + 80% FWC -T1 treatment), G4 -Sataja (30°C + 80% FWC -T3 treatment) and G1 -Balkan (30°C + 40% FWC -T4 treatment), respectively. At the shoot level, the highest values were noticed in genotypes Medijana (G3) and zecak (G10) (25°C + 80% FWC), as well as in G3 -Medijana under both T3 and T4 treatments (30°C + 40% FWC, 30°C + 80% FWC), indicating higher energy consumption, i.e. increase in endergonic processes. ) at the shoot level. Average value of 10.44 J mol -1 for free energy of chemically bound water (ΔG 130°C) was obtained under T2 treatment (25°C + 40% FWC), indicating lower energy consumption, that could be, at the shoot level, linked with increased photorespiration, as a mechanism of energy dissipation (FLEXAS and MEDRANO, 2002 ). Among the genotypes tested, the highest ΔG 105°C (Figure 2 ) was achieved in roots of G1 under T1 (25°C + 80% FWC) and T3 treatments (30°C + 80% FWC) and G5 under T2 (25°C + 40% FWC) and T4 (30°C + 40% FWC) treatments, indicating higher energy consumption at symplast level. In shoots, the highest values of ΔG 105°C exhibited genotypes G6 and G7 (25°C + 40% FWC), G4 (30°C + 80% FWC) and G9 (30°C + 40% FWC), pointed to higher energy consumption for maintenance of cellular -simplast water level (OMAE et al., 2012; DRAGIČEVIĆ, 2015) . The highest variations among genotypes tested, as well as between root and shoot, was found for ΔG 130°C, with average value of 2.22 J mol -1 obtained under 25°C + 80% FWC (T1 treatment). Accordingly, some of the genotypes are able to avoid conformational changes of proteins and other cellular structures caused by temperature and water stress and their combination, indicating the existence of drought tolerance in them (ANJUM et al., 2011; IMPA et al., 2012) . When genotypes were compared, the highest ΔG 130°C (Figure 3 ) was in roots of G5 -Dvadesetica (under T1 and T2 treatment), G4 -Sataja (under T4 treatment) and the accession G6 -Sremac (under T3 treatment). In shoots, the highest values of ΔG 130°C were found in G8 -Maksa (under all treatments), as well as in G7 -Slavonski zutozeleni (under T4 treatment). This could indicate their susceptibility to stressful conditions, reflected in increased energy consumption for maintaining the stability of cellular structures (ANJUM et al., 2011; IMPA et al., 2012) .
It must be underlined that under the T4 treatment (drought stress), the lowest values of ΔG 60°C for seedlings roots and shoots were found in G2 -Zlatko and G4 -Sataja, respectively; being the lowest in G8 -Maksa (for ΔG 105°C) and in G1 -Balkan seedlings (for ΔG 130°C), respectively, pointed to less available work, i.e. reduced sorption sites (NKOLO MEZE'E et al., 2008; OLIVEIRA et al., 2010) for apoplast water (G2 -Zlatko and G4 -Sataja), symplast water (G8 -Maksa) and for chemically bound water (G1 -Balkan). Based on the results, it could be concluded that G1 -Balkan has a good potential to cope with conformational changes caused by stress (ANJUM et al., 2011; IMPA et al., 2012) , G8 -Maksa could retain cellular water level essential for normal metabolism functioning (OMAE et al., 2012) , while G2 -Zlatko and G4 -Sataja could be able to uphold free water to a certain extent under unfavourable conditions.
In 2015, the variability of the chosen genotypes on existing agro-ecological conditions was additionally evaluated in field trials, conducted at three locations (Novi Sad 45°20´N, 19°51´E, 80 m asl; Smederevska Palanka 44°22´N, 20°57´E, 121 m asl. and Omoljica near Pančevo 44°53´N, 20°40´E, 71 m asl., respectively). Yield components (number of pods per plant, number of grain per pod, number of grain per plant, 1000 grain weight) and grain yield per plant were measured. Very small amount of rainfall in July (when stubble crop was grown) characterised the locations: Novi Sad (2.0 mm), Smederevska Palanka (1.7 mm) and Omoljica (4.4 mm), respectively. At all three locations, genotype Balkan -G1 achieved stable, although a lower average yield (126.2 kg ha -1 ), while, genotype zecak -G10 achieved both stable and higher average yield (215.3 kg ha -1 ). These genotypes could be considered as favourable source in breeding for drought tolerance.
Under T1 treatment (25 °C + 80% FWC -optimal conditions), significant and negative correlation between ΔG 105 °C and shoot length was found (-0.847, P ≤ 0.01), being significant and positive with root fresh matter (0.791, P ≤ 0.01), as presented in Table 3 . On the other hand, under T2 treatment (25 °C + 40% FWC -water deficit), significant and positive correlations between ΔG 105 °C and shoot length and fresh matter (i.e. 0.861 and 0.844, P ≤ 0.01) were observed, being significant and negative between ΔG 60 °C and root fresh matter (-0.735, P ≤ 0.05). It could be suggested that increased shoot growth (elongation and accumulation of fresh matter) was achieved by higher energy consumption on symplast level, driven by the lack of extracellular water. However, at the root level, fresh matter accumulation was based mainly on energy production and higher extracellular water amounts -reduced sorption sites (NKOLO MEZE'E et al., 2008; OLIVEIRA et al., 2010) , as was supported by higher values of root to shoot ratio for length and fresh matter (Table 2 ). This could indicate situation of stimulated root growth over the shoot growth (CHAVES et al., 2002; BENLLOCH-GONZALEZ et al., 2014) . Under temperature stress (25°C + 80% FWC -T3 treatment), significant and positive correlation between root length and fresh matter with ΔG 105°C (0.690 and 0.704, P ≤ 0.05, respectively) was found (Table 3 ). In addition, significant and negative correlations between root fresh matter with ΔG 60°C (-0.713, P ≤ 0.05) and ΔG 130°C (-0.651, P ≤ 0.05) were observed, signifying the importance of symplast water and the higher energy production at the apoplast level and chemically bound water. Such a situation could indicate alterations in the metabolism at the cellular level, with conformational changes of biomolecules, induced by higher temperature (IMPA et al., 2012) . As was shown in Table 2 , root growth and elongation were affected by drought stress, i.e. a combination of high temperature (30°C) and water deficit (40% FWC). Under T4 treatment, significant and positive correlation between root length and both ΔG 60°C (0.774, P ≤ 0.01) and ΔG 130°C (0.766, P ≤ 0.01) were found, (Table 3) , caused by a severe lacking in extracellular water and by domination of endergonic reactions. In parallel, significant and negative correlation between evaluated root growth parameters and ΔG 105°C (-0.744 for root length, i.e. -0.674 for root fresh matter, respectively; P ≤ 0.05) indicate a trend of decrease in sorption sites available for intracellular water (NKOLO MEZE'E et al., 2008; OLIVEIRA et al., 2010) , i.e. drift in energy production, as a driving force for root elongation. Since growth is generally an energy requiring process, genotypes with less energy consumption for growth at early developmental stage, particularly for root growth, could yield better under drought stress NIKOLIĆ et al., 2013) . However, based on significant and positive correlation found between evaluated growth parameters in shoot and ΔG 60°C (0.781 for shoot length, i.e. 0.783 for shoot fresh matter, respectively; P ≤ 0.001), it could be supposed that ability of shoot to continue a growth in such unfavourable conditions, could be achieved only through higher energy consumption.
CONCLUSIONS
Based on the results obtained, it could be concluded that most of the examined dry bean accessions expressed some sensitivity to stress applied. Genotypes G2 -Zlatko and G6 -Sremac exhibited sensitivity to water deficit and Sremac to higher temperature in both seedlings roots and shoots, with increased energy consumption and water sorption sites for all three water types. Accession G1 -Balkan expressed increased root susceptibility to temperature, while G4 -Sataja and G5 -Dvadesetica had higher root susceptibility to water deficit, possibly reflected through conformational changes of biomolecules and alteration of cellular metabolism. Genotypes G7 -Slavonski zutozeleni and G8 -Maksa expressed shoot susceptibility to combined stress (drought), mainly by conformational changes, while G9 -Belko expressed alterations on symplast level in shoots. Among genotypes tested, G10 -zecak expressed lesser susceptibility to stresses applied. Accession Maksa was more tolerant to changes on cytoplasmic level, while Medijana and Sataja expressed root i.e. shoot stress tolerance. Those accessions could be considered as potentially drought tolerant genotypes.
